Time-resolved FT-IR spectra of ethylene hydrogenation over alumina-supported Pt catalyst were recorded at 25 ms resolution in the temperature range 323 to 473 K using various H 2 flow rates (1 atm total gas pressure). Surface ethyl species (2870 and 1200 cm 
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Introduction
Efforts to understand the detailed mechanism of heterogeneous catalytic hydrogenation of ethylene over noble metal catalysts continues to be of intense interest despite the large number of studies on this subject by many groups. 1 Hydrogenation of alkenes is of major industrial importance, 2 and the prototype C 2 H 4 system has long served as a main focus for advancing the knowledge of this reaction type. In particular, vibrational spectroscopic studies of the reaction over single crystal Pt surfaces or finely dispersed Pt particles on silica or alumina under steady-state conditions 1 led to the acceptance of stepwise hydrogenation mechanism originally proposed by Horiuti and Polanyi. 3 In this mechanism, surface adsorbed ethylene is hydrogenated to ethyl and subsequently converted to ethane.
C 2 H 4 + Pt-H → CH 3 CH 2 Pt (1) CH 3 CH 2 Pt + Pt-H → C 2 H 6 + Pt (2) Adsorbed ethylene is known to exist in a weakly π-bonded or more strongly di-σ-bonded form based on reflection-absorption infrared and HREELS studies on Pt(111) surfaces, [4] [5] [6] [7] [8] and transmission IR spectroscopy of supported metal particle catalysts. 9, 10 Various experimental studies have provided convincing evidence that the hydrogenation step (1) involves π-C 2 H 4 species. [11] [12] [13] [14] [15] [16] Using sum frequency generation spectroscopy (SFG) for monitoring the CH stretching region, Somorjai and coworkers have identified absorption bands of π-bonded ethylene over Pt(111) under high pressure conditions at room temperature and demonstrated that it is the species being hydrogenated. 1b, 15 The same 4 4 study revealed peaks assigned to surface ethyl species, hydrogenation of which was proposed to constitute the main reaction path.
π-C 2 H 4 and ethyl species were also detected by FT-IR in steady state hydrogenation experiments over supported IR clusters. 17 On the other hand, the ethylidyne surface species (CH 3 CPt 3 ) familiar from early HREELS and reflection-absorption infrared surface work 8, 9, 18, 19 was determined to play no kinetically significant role in the catalytic hydrogenation. 9, 20, 21 These experimental findings on Pt or Pd surfaces are supported by recent DFT computational work. [22] [23] [24] [25] The papers predict that the barrier to hydrogenation is substantially lower for π-C 2 H 4 than for di-σ ethylene (at the high surface coverage relevant for reaction conditions), and that the barrier for ethyl to ethane conversion exceeds that of step (1) by a factor between 2 and 5.
In an attempt to obtain direct evidence for the kinetic relevancy of the ethyl intermediate 26 The rise of both intermediates was too fast to be resolved on the 100 ms time scale. As expected, the decay time of the CH 3 CH 2 Pt species (around the time limit of 100 ms) was faster than that of CH 3 CPt 3 (300 ms). Nevertheless, given the vast difference in their mechanistic role (ethylidyne is a mere spectator) 1b , the lifetimes of the two surface species were surprisingly close. Moreover, the ethane growth was already 
Experimental Section
Time-resolved FT-IR spectra were recorded in the rapid-scan mode on a Bruker model 99.9999%), and nitrogen (Air Gas, 99.9995%) gas were used as received.
Results
Reaction at 323 K
Survey spectra of four time slices at 25 ms resolution are shown in Figure 1 . The bottom trace is the first spectrum recorded after the C 2 H 4 pulse, with its midpoint delayed by 24 ms relative to the opening of the pulsed ethylene valve. Subsequent traces shown are at 107, 235, and 6,000 ms. The most prominent bands are the gas phase absorptions of C 2 H 4 at 3000 cm -1 (ν 9 and ν 11 ), 1890 cm -1 (ν 7 + ν 8 ), 1440 cm -1 (ν 12 ), and 950 cm -1 (ν 7 ). 29 The ethylene gas phase bands are the strongest in the first time slice and then decrease, principally due to removal of the reactant from the infrared viewing zone by gas flow. 26 The kinetics of the ethylene decrease is displayed in Figure 2 . The depletion observed at trace of Figure 3a) shows that the spectral subtraction reveals the ν 5 (CH) mode of ethane at 2954 cm -1 in addition to the 2893 cm -1 band already observed in the raw spectra. 30 The growth of the two ethane bands is identical within uncertainties, with a 1/e rise time of 144 ± 14 ms. The C 2 H 6 product also absorbs at 2880 cm -1 (P branch of v 8 +v 11 ), but this band is overlapped by surface ethyl absorption in the initial time slices. Ethylidyne is also known to absorb at 2880 cm -1 . 10 However, the growth of CH 3 CPt 3 is too small at 323 K even on the hundreds of ms time scale for detecting its CH stretch absorption (see below).
The surface ethyl species contribution to the spectrum in the ν(CH) region can be seen when comparing the first time slices of Figure 3a (t = 24 and 107 ms), shown in Figure 4 on an expanded scale for clarity; the 2880 cm -1 peak and the shoulder at 2870 cm -1 in the 24 ms spectrum are too strong for sole attribution to ethane, with its gas phase peak at 2893 cm -1 . By contrast, at 107 ms the 2880 and 2870 cm -1 absorptions of CH 3 CH 2 Pt are overwhelmed completely by the C 2 H 6 spectrum. Figure 5 shows the decay kinetics of the transient 1200 cm -1 band assigned to surface ethyl species. 26 We find that the decay time of 122 ± 10 ms obtained from a single exponential fit (Figure 5b) In agreement with the known spectator role of ethylidyne, there is only a very small band observed at 1339 cm -1 immediately after the ethylene pulse (Figure 6a ). The species grows in with a rise time of 150 ms, as shown in Figure 6b . The finding confirms the well-known fact that the rate of formation of CH 3 CPt 3 is orders of magnitude lower than that of surface ethyl species. 
Temperature Dependence of Surface Ethyl-to-Ethane Kinetics
At 473 K, the ethane growth was found to reach a maximum in the first time slice after the pulse. 26 The most striking observations upon decrease of the reaction temperature are 23 We conclude that surface ethyl to ethane interconversion is the rate determining step of ethylene hydrogenation under reaction conditions. The fact that the The very large temperature dependence of the intensity ratio of the 2 surface species CH 3 CH 2 Pt and CH 3 CPt 3 is worth noting. At 473 K, the 1200 cm -1 peak of ethyl and the 
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